Objective: The purpose of this study was to analyze the risks associated with pulmonary resection for primary non-small cell lung cancer in octogenarians to help better management in these patients. Methods: We reviewed the outcome in our 35 patients aged 80 years and older who underwent pulmonary resection between 1981 and 1998. Results: The 5-year survival rate was 39.8%. The operative mortality rate was 0% and the morbidity 60%. There were ten major pulmonary complications, including respiratory insuf®ciency following bacterial pneumonia and sputum retention. Preoperative arterial pO 2 was signi®cantly lower, A-aDO 2 was signi®cantly higher, and operation time were signi®cantly longer in patients with pulmonary complications after surgical treatment than in patients without complications (P , 0:05). Conclusions: Surgical treatment was not contraindicated for octogenarians with lung cancer. However, a relatively preoperative low arterial pO 2 , high A-aDO 2 , and long operation time may be risk factors for postoperative pulmonary complications in such patients. Surgeons must assess the preoperative data prudently to determine appropriate surgical strategy. q
Introduction
The population of Japan is aging, and the proportion of patients over 80 years of age continues to increase. Lung cancer is the most frequent neoplasm in Japan, and the number of patients older than 80 with the disease is on the rise. In the past, age over 80 was a contraindication to pulmonary resection due to an increased risk of mortality rate in lung cancer surgery [1] . In addition, the morbidity rate in octogenarians undergoing pulmonary resection has been shown to be higher than that in patients under 80 [2, 3] . A recent report, however, has documented a decreased postoperative mortality rate due to advances in care and improved surgical techniques [2] . In an attempt to analyze factors that may predict postoperative complications in octogenarians, we reviewed the cases of our octogenarians with lung cancer who underwent pulmonary resection.
Patients and methods
We studied the records of our 35 patients aged 80 years and older who underwent pulmonary resection for primary non-small cell lung cancer between 1981 and 1998. Preoperative staging has been assessed in all patients by means of chest X-ray; computed tomography of the chest, brain and upper abdomen; and bone scintigraphy of the whole body. Functional assessment of all patients who underwent pulmonary resection was based on smoking history, blood test, and renal function test. Pulmonary function was determined by spirometry and arterial blood gas measurements made at rest in all cases. The alveolar arterial oxygen tension difference (A-aDO 2 ) was calculated with a simpli®ed alveolar gas equation: A-aDO 2 1502pO 2 2pCO 2 /0.8. Body mass index was calculated by dividing body weight (kg) by the height-square (m 2 ). Brinkmann index was calculated by the following formula: the number of cigarettes smoked per day £ the length of smoking history (years). In octogenarians, the cardiac stress test using a dipyridamole thallium scintigraphy was added for the assessment of potential myocardial ischemia. Perioperative data consisted of surgical procedure, anesthesia and operation European Journal of Cardio-thoracic Surgery 18 (2000) 662±665 1010-7940/00/$ -see front matter q 2000 Elsevier Science B.V. All rights reserved. PII: S10 10-7940(00)00573-X www.elsevier.com/locate/ejcts times, operative morbidity and mortality occurring within 30 days, and length of postoperative hospital stay. The operations were performed by six surgeons in our team. The clinical and pathologic stages were determined according to the revised TNM classi®cation system. Follow-up information was obtained for all survivors, either during of®ce visits or by telephone interview with the patient or a relative.
Statistical analysis was performed using x 2 and unpaired t-tests. Results were considered to be signi®cant at P-values less than 0.05. Actuarial survival was assessed by the Kaplan±Meier method.
Results
Pulmonary resection was performed in 35 patients who were 80 years of age or older. Patients comprised 22 men and 13 women with a mean age of 81.4 years (range 80±88 years). Seven patients had a history of hypertension or cardiac arrhythmia; three had a history of diabetes mellitus, and three had a history of cerebral vascular disease. One patient was taking oral corticosteroids for nephritis. No patient was being treated for myocardial ischemia or chronic obstructive pulmonary disease. Six patients had an abnormal electrocardiogram, but cardiac stress test showed no ischemia. Eight patients had prior treatment for malignant disease of the stomach (4), lung (3), colon (2), and thyroid (1). All were free from these malignancies at the time of surgery. Clinical status were stage IA (n 16), stage IB (n 11), stage IIB (n 4), stage IIIA (n 3), and stage IIIB (n 1).
The operative procedures were standard or extended lobectomy (n 25), and wedge or segmental resection (n 10). Systemic lymph node dissection was performed in 19 patients. All patients who did not undergo mediastinal dissection were considered to have N0 disease based on macroscopic evidence of operative ®ndings. Patients were given a pathological status of stage IA (n 14), stage IB (n 10), stage IIB (n 5), stage IIIA (n 5), and stage IIIB (n 1).
There were no deaths within 30 days of surgery or same hospitalization. The mean postoperative hospital stay was 21.4 days, with a range of 13±52 days. Including all causes of death, the actuarial survival rate of all patients at 3 and 5 years was 61.4% and 39.8%, respectively; 14 patients had died at the time of this study. There were four cancer-related deaths, and ten patients died of other causes including pneumonia (n 7), cerebral vascular diseases (n 2), and heart disease (n 1).
Twenty-one out of the 35 patients (60%) suffered operative complications (Table 1 ). The mean postoperative stay for patient with pulmonary complications was 25 days and patient without pulmonary complications were discharged after a mean of 19 postoperative days (P , 0:05). Pulmonary complications included six cases of sputum retention and four cases of respiratory insuf®ciency following bacterial pneumonia. Sputum retention was de®ned as the patient required intensive suctioning and respiratory failure was de®ned as the patient required reintubation and ventilatory support. There were 11 non-pulmonary complications; ®ve cases of prolonged air leak persisting beyond 7 days, three cases of atrial arrhythmia, one case of gastrointestinal bleeding, one case of chylothorax, and one case of confusion. The pulmonary complications were further evaluated in combination with preoperative assessment and perioperative data ( Table 2 ). The average arterial pO 2 was signi®cantly lower (73.4 vs. 83.8 mmHg, P 0:002), A-aDO 2 was signi®cantly higher (28.1 vs. 16.3 mmHg, P 0:004), and operative time was signi®cantly longer (268 vs. 197 min, P 0:043) in patients with pulmonary complications than in patients without complications. No other factors were correlated with pulmonary complications.
Discussion
The population of Japan is aging and the proportion of patients older than 80 years of age continues to increase. The life expectancy for octogenarians in Japan was 7.6 and 10.3 years for men and women, respectively, in 1998. The number of patients above age 80 with lung cancer is increasing and those who would be considered indicative for pulmonary resection has been increasing at our institution. Octogenarians with lung cancer who have an adequate pulmonary reserve should be considered for surgical treatment based on the extent of the disease; however, higher mortality rate [1] and morbidity rate [2, 3] was reported. We reviewed our experience to determine the risks of pulmonary surgery in octogenarians to ®nd better management.
A 5-year survival rate in our series was 39.8%, including death from all causes. This long-term result was quite similar to that of other reported statistics; 5-year survival rates have been reported between 32 and 55% (Table 3) . These low survival rates derived from the fact that patients above 80 years of age tended to die of other conditions including pulmonary disease and vascular disease [7] . In the present study, the major cause of death in long-term survivors was pneumonia. Because the loss of pulmonary function with resection may cause pulmonary disease, especially pneumonia, we recognize that surgical treatment in octogenarians might be limited in terms of quality of life.
In our octogenarians the operative mortality rate was 0%. Recent studies have demonstrated a decreased postoperative mortality rate due to advances in preoperative and postoperative care and improved surgical techniques [2] . In other reports, operative mortality, de®ned as death within 30 days of surgery or during the same hospitalization period, was between 2.2 and 21% (Table 3 ). The major causes of death within 30 days have been pneumonia and cardiac complications [2, 5] . In our institution, patients who had a forced expiratory volume in 1 s of less than 1 l were de®ned as a poor pulmonary function; these patients led us to limit the extent of pulmonary resection [8] . The cardiac stress test was added to ®nd cardiac risks due to ischemic heart disease. The patient diagnosed with angina pectoris by preoperative cardiac stress test should require adequate medication or catheter revascularization. If operative revascularization would be recommended, the patient would be considered as contraindicative for primarily pulmonary resection [6] . Indications for surgical procedures based on these preoperative evaluations may improve operative mortality rates.
A bene®t for the surgical treatment of lung cancer was considered to be the shorter length of hospital stay in octogenarians compared to other treatments [6, 7] . Jacklitsch and associates reported that the reduction in operative risk while undergoing video-assisted thoracic surgery was feasible; as a result, major postoperative complications can be avoided and elderly patients enjoy a quicker return to full recovery [9] . Previous reports demonstrated preoperative percentage of a forced expiratory volume in 1 s (%FEV 1 ) to be the only risk factor for postoperative pulmonary complications in octogenarians; perioperative data such as extent of resection and operation time were not shown to be risk factors [4±6] . In the present study, preoperative pulmonary function was not a predictor of postoperative pulmonary complications. Three risk factors were identi®ed: relatively low preoperative arterial PO 2 , relatively higher A-aDO 2 , and relatively long operation time were associated with postoperative pulmonary complications, which signi®cantly extended hospital stay.
A previous study demonstrated that arterial blood gases alone are not a predictor of postoperative complications [10] . However, we recognize that the reduced pulmonary volume caused postoperative temporary hypoxemia [11] . The effect of pulmonary gas exchange may be worsened by respiratory muscle injury associated with thoracotomy [12] . These surgical traumas combined with preoperative low arterial pO 2 would make arterial pO 2 even lower in the postoperative period and thus are important risk factors for postoperative pulmonary complications.
Harpole and associates reported a relatively long operation time to be a risk factor for morbidity after major pulmonary resection [3] . Others, however, have reported that operation time was not associated with postoperative pulmonary complications [5] . Several factors including the lateral position, one-lung ventilation, and surgical manipu- lation may in¯uence the physiological status of the lung [13] . Simple thoracotomy has caused pulmonary edema [14] . We considered that these risk factors would in¯uence the occurrence of pulmonary complications after a relatively long period of surgery.
In conclusion, our study suggests that surgical treatment is not necessarily contraindicated for octogenarians with primary non-small cell lung cancer. However, relatively low preoperative arterial pO 2 , relatively high A-aDO 2 , and a relatively long operation time may be risk factors for major postoperative pulmonary complications, and surgeons must assess the preoperative data in octogenarian patients prudently to determine the appropriate surgical strategy.
